This work was made to investigate the sites of Na + in zeolite Y (synthetic faujasite (FAU) with Si/Al = 1.69) by single-crystal X-ray diffraction. Large colorless single crystals of zeolite Y, stoichiometry NaxM71-x[Si121Al71O384]-FAU, where M = H3O + , with diameters up to 200 µm, were synthesized from gels with the composition 3.58SiO2:2.08NaAlO2:7.59NaOH:455H2O:5.06TEA:1.23TCl. 1 A starting gel was prepared from fumed silica (99.8%, Sigma), sodium aluminate (technical, Wako), sodium hydroxide (96%, Wako), triethanolamine (99+%, Acros), bis(2-hydroxyethyl)dimethylammonium chloride (99%, Acros), and distilled water. Ten transparent single crystals from the batch were intentionally broken in order to use the fresh surface of the crystals, and were attached on to the surface of carbon-attach tape for SEM-EDS analysis (JSM6300). Each single crystal was measured 3 times, which resulted a Si/Al = 1.69 mean value.
The framework structure of faujasite was characterized by a double 6-ring (D6R, hexagonal prism), a sodalite cavity (a cubooctahedron), and a supercage ( Fig. 1 ). Each unit cell had 8 supercages, 8 sodalite cavities, 16 D6Rs (double 6-rings), 16 12-rings, and 32 S6Rs (single 6-rings). 3 The exchangeable cations, which balance the negative charge of the faujasite framework, usually occupy some or all of the sites indicated by Roman numerals in Fig. 1 .
The X-ray diffraction intensities clearly show mirror symmetry at (110), indicating that the Si and Al positions are not distinguishable. Accordingly, the crystal in this work was refined using the space group Fd3m. It is well established that there is no long-range Si/Al order in zeolite Y.
The total number of Na + ions found per unit cell, 71.4(15), does not differ significantly from 71, but conforms with the SEM-EDS results (Si/Al = 1.69, the number required to balance the negative charge of the zeolite framework.). These 71 Na + ions have been found at seven equipoints ( Table 2 ). Five at Na(1) lie at site I, at the center of a D6R (Fig. 2(a) ). Each Na + ion at Na(1) coordinates to the six O(3) oxygen atoms of the D6R at a distance of 2.739(4)Å, which is slightly longer than the sum of the conventional ionic radii of Na + and O 2-, 0.97 + 1.32 (respectively) = 2.29 Å. The 22 Na + ions are located at two site-I′ positions opposite D6Rs in the sodalite cavities ( Fig.  2(b) ). These Na + ions at Na(1′a) and Na(1′b) lie inside of the sodalite cavity, 0.46 Å and 0.91 Å, respectively, from the (111) plane of three O(3) framework oxygens of the D6R to which each is bound. The eight Na + ions at Na(1′a) and 14 Na + ions at Na(1′b) bond to three O(3)s at 2.230(10)Å and 2.365(9)Å, respectively ( Fig. 2(b) ). The Na(1′a)-O(3) and Na(1′b)-O(3) distances are about the same as the sum of the ionic radii of Na + and O 2-, 2.29 Å. The 28 Na + ions are located at two site-II positions opposite S6Rs in the supercage (Fig. 2(b) ). Perhaps it does not fill because some S6Rs are severly deficient in Al atoms. Each of these ions lies relativly inside the supercage, 0.52 Å and 0.80 Å, respectively, from the (111) plane of three O(2) framework oxygens of the S6R to which it is bound. The Na + ions at Na(2a) and Na(2b) are 2.290(18)Å and 2.368(23)Å, respectively, from their nearest neighbors, the O(2) framework oxygens (Table 3) , in close agreement with the sum of the Na + and O 2radii, 2.29 Å.
The O(2)-Na(2a)-O(2) and O(2)-Na(2b)-O(2) angles are 114.8(14)˚ and 109.13(15)˚, respectively ( Table 3 ). The remaining twelve and four Na + ions at Na(3′a) and Na(3′b), respectively, occupy two site-III′ positions near triple 4-rings in the supercage (Na(3′a)-O(1) = 2.55(4)Å and Na(3′b)-O(4) = 2.64(12)Å) ( Fig. 2(c) ). The distances between Na + ions and the framework oxygens are longer than the sum of the conventional ionic radii of Na + and O 2-, 0.97 + 1.32 (respectively) = 2.29 Å. The reduced aluminum content of zeolite Y, as compared to zeolite X, 3 should lead to a smaller negative charge density for the zeolite framework, and therefore at each oxygen position. This in turn should lead to longer Na-O distances. Table 2 Final atomic coordinates and equivalent isotropic thermal parameters 
